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[5 7] ABSTRACT 
An oxygen-containing ferromagnetic amorphous alloy 
having the formula 

mxoyoz 

wherein M is one or more transition elements of Fe, Co 
and Ni; or a combination of said transition element or 
elements and one or more elements selected from the 
group consisting of V, Cr, Mn, Nb, Mo, Hf, Ta, W, Pt, 
Sm, Gd, Tb, Dy and Ho; G is one or more elements 
selected from the group consisting of B, Si, Ge, As, Sb, 
Ti, Sn, Al and Zr; and x, y and z are the fractional 
atomic percentages of M, G and O and y+y+z=l00 
and this alloy in combination with a substrate. 

6 Claims, 17 Drawing Sheets 
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OXYGEN-CONTAINING FERROMAGNETIC 
AMORPHOUS ALLOY AND METHOD OF “ 

PREPARING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part of Ser. No. 747 132, 
?led June 20, 1985 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to oxygen-containing 
amorphous alloys having superior properties as ferro 
magnetic materials and, further, a method of preparing 
the same. 

In the ?eld of metallic materials, amorphous alloys 
containing as main constituent components elements of 
transition metals of Group 3d in the Periodic Table and 
metalloid elements, such as B or Si, have been well 
known as typical ferromagnetic materials and have been 
greatly desired as new metallic materials because of 
their advantageous properties, particularly with regard 
to magnetic properties, mechanical properties and cor 
rosion resistance. On the other hand, there has been a 
growing demand for ferromagnetic transparent glass in 
the ?eld of ceramics. Heretofore, various studies or 
attempts have been made on ferromagnetic amorphous 
oxides, but they are limited only to paramagnetic and 
antiferromagnetic materials. Thus, ferromagnetic amor 
phous oxide materials have not been successfully pro 
vided in this ?eld. 

Recently, ferromagnetic amorphous oxides were pro 
posed in Japanese patent application Laid-Open No. 
58-64264. The new ferromagnetic amorphous oxides 
were provided in the form of a ribbon, the ribbon being 
prepared by heating to melt a mixture consisting of 
various ferrites with a spinel structure and glassforming 
oxides, mainly P205, and then splat cooling the molten 
mixture to solidify same. The saturation magnetization 
of the ferromagnetic amorphous oxide at room tempera 
ture is still small as compared to that of spinel ferrite and 
thus a more increased saturation magnetization is re 
quired for the practical uses. However, unfortunately, 
the preparation method proposed in the Japanese patent 
application can provide the ferromagnetic amorphous 
oxide only in an extremely limited composition range 
and such a limited composition range is disadvanta 
geous to improve ferromagnetic properties. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide oxygen-containing amorphous alloys having a 
quite novel structure which are highly valuable as fer 
romagnetic materials, wherein the oxygen content is 
variable over a wide compositional range. 
Another object of the present invention is to provide 

a method of preparing the above novel ferromagnetic 
amorphous alloys over an expanded composition range. 
According to the present invention, there is provided 

an oxygen-containing ferromagnetic amorphous alloy 
which is represented by the general formula: 

mxoyoz 

wherein M is one or more elements of the transition 
metals Fe, Co and Ni; or a combination of the transition 
element or elements and one or more elements selected 
from the group consisting of V, Cr, Mn, Nb, Mo, I-If, 
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2 
Ta, W, Pt, Sm, Gd, Tb, Dy and Ho; G is one or more 
elements selected from the group consisting of B, Si, 
Ge, As, Sb, Ti, Sn, Al and Zr; and x, y and z are the 
fractional atomic percentages of M, G and 0 (oxygen) 
of the alloy totalling 100, i.e., x+y+z= 100. 

In the ferromagnetic amorphous alloy speci?ed 
above, when the composition of the alloy is represented 
as (x, y, z) in the triangular ternary diagram of the ac 
companying FIG. 1, the composition region should be 
in the range of the pentagonal area enclosed by the lines 
joining the points of A (8O, 19, 1), B (50, 49, l), C (36, 36, 
28), D (36, 4, 60) and E (38.5, 1.5, 60) in the same ?gure. 
Further, the oxygen component of the alloy is intro-I 
duced from the target oxide material. An oxygen con 
tent of 1% or less is not regarded as signi?cant, because 
an error of up to 1% of oxygen is allowable in the analy 
sis of the composition. 

Further, according to the present invention, there is 
provided a method for preparing the oxygencontaining 
ferromagnetic amorphous alloy speci?ed above, the 
method comprising forming a ?lm of the amorphous 
alloy by a well-known process, such as rf sputtering, 
magnetron sputtering or ion beam sputtering, and then, 
optionally, heat treating the ?lm at a temperature below 
the crystallization temperature of the amorphous alloy. 
The amorphous alloys of the present invention pos 

sess useful ferromagnetic properties, particularly with 
respect to high saturation magnetization and high 
squareness ratio, high electrical resistivity, and excel 
lent light transmittancy, in the wide compositional re 
gion, that is, the pentagonal area ABCDE in the triang 
ular diagram of the accompanying FIG. 1, and thus are 
highly valuable as new ferromagnetic materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram de?ning the composition region 
of the ferromagnetic amorphous phase of the pseudo 
ternary system alloy, represented by MXGyOZ, accord 
ing to the present invention. 
FIG. 2 is a diagram showing the compositional 

change of Fe—B—-O ternary system amorphous alloy. 
FIG. 3 is a graph of the results of analysis by ESCA 

for the state of Is electrons of boron. 
FIG. 4 is a graph showing the change in curie tem 

perature (Tc) with changes in the concentration of Fe 
for Fe—B—-O amorphous ?lm. 
FIG. 5 is a graph plotting resistivity (at room temper-' 

ature) versus Fe concentration for Fe-—B—O amor 
phous alloy ?lm. , 
FIG. 6 is a graph showing the intensity of x-ray dif 

fraction for Fe—B—-O amorphous ?lms. 
FIG. 7 is a graph showing the variation in saturation 

magnetization 41rMs (at room temperature) due to 
changes in the concentration of Fe for Fe—-B—O amor 
phous ?lm. 
FIG. 8 is the magnetic hysteresis loop (at room tem 

perature) of an Fe—B-—O amorphous ?lm. 
FIG. 9 shows the variations in magnetic hysteresis 

loop due to heat treatments in air for an Fe——B--O 
amorphous ?lm. 
FIG. 10 shows the variations in absorbancy due to 

heat treatments in air for an Fe—B-—O amorphous ?lm. 
FIG. 11 is a graph showing the change in saturation 

magnetization 4rrMs (at room temperature) with 
changes in the concentration of Co for Co—-B——O 
amorphous ?lm. 
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FIG. 12 is a graph showing the change in resistivity 
(at room temperature) with changes in the concentra 
tion of Co for Co-B-O amorphous ?lm. 
FIG. 13 is a graph showing the variation of saturation 

magnetization 4rrMs (at room temperature) versus the 
compositional proportion of Fe and Cr for Fe 
Cr—B—-O amorphous ?lm. 
FIG. 14 shows the isotropic hysteresis loops (in-plane 

0“ direction and in-plane 45° direction) at room temper 
ature for Fe—-Cr—B—O amorphous ?lm. 
FIG. 15 is a graph plotting the change in squareness 

ratio (at room temperature) with changes in the propor 
tion between Fe and Cr for Fe-—-Cr-B—O amorphous 
?lm. 
FIG. 16 is a graph plotting the change in resistivity 

(at room temperature) with changes in the concentra 
tion of Cr for Fe—-Cr—B-O amorphous ?lm. 
FIG. 17 is a graph plotting the change in Vickers 

hardness (at room temperature) with changes in Cr 
concentration for Fe—Cr—-B——O amorphous ?lm. 
FIGS. 18(a) to 18(d) are the changes in x-ray diffrac 

tion patterns due to heat treatments in air for an Fe— 
B—O amorphous ?lm. 
FIG. 19 is a graph plotting the changes in the ratio of 

intensities of La and L1, lines ILb/ILa of the Fe atom, 
with changes in “x”, in the formula FexByOz. For pur 
poses of comparison, the broken lines show the ratios of 
the intensities for Fe3O4, Fe2O3 and Fe (also FegoBzo). 
FIG. 20 is a graph showing the change in AE(eV) 

with changes in x in the alloy FexByOz, for the Fe atom 
and the B atom of Applicant's alloy. The broken lines 
show the values for F6203, Fe3O4 and B103. Also the 
values for Fe and FegoBzo and B are shown. 
FIG. 21 is a graph showing the spectra of the Ku line 

of the metallic alloy P680320, the alloy thin ?lm of 
Fe24B33033 and E203. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The ?rst feature of the present invention resides in a 
ferromagnetic amorphous alloy containing oxygen over 
a wide content range which is de?ned by the general 
formula MxGyOZ given above. In the above general 
formula, M is one or more elements of well-known 
typical ferromagnetic metals. The element or elements 
represented by G combines with the metallic element or 
elements represented by M and oxygen to yield a glassy 
oxide or an amorphous alloy. The present invention was 
made by using effectively this property in order to ob 
tain the desired amorphous polynary alloys. 
Oxygen (O) is effective to expand the composition 

range capable of developing amorphous polynary alloys 
and improves the magnetic properties, corrosion resis 
tance, mechanical properties and light transmittancy. 
Further, oxygen is effective to increase the resistivity. 
The composition region of the ferromagnetic amor 

phous phase is schematically shown, as a pseudo ternary 
system, in the shaded area in FIG. 1. The reason why 
the ferromagnetic amorphous phase is stated as a 
pseudo ternary system is that the components M and G 
each can comprise two or more elements in certain 
cases. 

In practice of the present invention, the ferromag 
netic amorphous alloys having the wide composition 
range can be prepared in a ?lm form by a conventional 
technique, but, preferably, the alloys are prepared by 
sputtering, that is, rf sputtering, magnetron sputtering, 
ion beam sputtering and so on, using a composite target 
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4 
or targets. As the composite target, the following com 
binations can be employed in the present invention. 

(1) Composite target composed of a glass-forming 
oxide compound and a metal; said compound and an 
alloy; or said compound and an amorphous phase-form 
ing alloy. 

(2) Composite target composed of an oxide com 
pound and an amorphous phase-forming alloy; and 

(3) Composite target composed of a powdered oxide 
mixture containing a glass-forming oxide compound 
and metal or the powdered oxide mixture and an alloy. 

In the composite targets, the glass-forming oxide 
compound is selected from the group consisting of 
B203, SiOz, G602, AS203, Sb2O3, TiOZ, SnOz, A1203 
and ZrOz and the metal or alloy is selected from the 
transition elements of Fe, Co and Ni; or alloys of the 
transition element or elements with one or more ele 
ments selected from group consisting of V, Cr, Mn, Nb, 
Mo, Hf, Ta, W, Pt, Sm, Gd, Tb, Dy and Ho. Further, 
the amorphous phase-forming alloy is selected from the 
alloys of one or more metals selected from the group 
consisting of V, Cr, Mn, Fe, Co, Ni, Nb, Mo, Hf, Ta, W, 
Pt, Sm, Gd, Tb, Dy and Ho and one or more elements 
selected from the group consisting of B, Si, Ge, As, Sb, 
Ti, Sn, Al and Zr. The oxide compound employed 
together with the amorphous phase-forming alloy can 
be selected from among the oxide compounds of V, Cr, 
Mn, Fe, Co, Ni, Nb, Mo, Hf, Ta, W, Pt, Sm, Gd, Tb, Dy 
and Ho and these oxides can also be contained in the 
powdered oxide mixture of the composite target (3). 

In practicing the present invention, the foregoing 
targets are provided in two preferred forms. One is 
prepared by changing the number of sintered pellets of 
the glass-forming oxides or other oxides on the metal, 
the alloy or the amorphous phase-forming alloy and 
another one is prepared by placing the powdered oxide 
mixture containing the glass-forming oxide on the dish 
of the metal or alloy. 

Since, in the method of the present invention, oxygen 
is supplied from the source oxide material, the ?lm 
formation process is performed without externally sup 
plied oxygen gas and forms a ferromagnetic amorphous 
alloy ?lm having an unexpected novel structure com 
posed of a metallic amorphous phase and an oxide com 
pound amorphous phase. Various superior properties 
are obtained by the invention, which properties cannot 
be obtained in any amorphous ferromagnetic oxide ?lms 
or ribbon prepared by a reactive sputtering process 
requiring an oxygen gas or splat quenching of an oxide 
melt. 

Hereinafter, the present invention will be described in 
detail with reference to the Fe—-B—-O system, Co— 
B-O system and Fe——-Cr——B—-O system alloys, as rep 
resentative examples. 

(1) Fe-B-O system alloy 
Fe-B-O alloy ?lms were prepared by rf sputtering 

in an argon atmosphere using a composite target com 
prising Fe-B alloy and sintered pellets of glass-forming 
oxide (B203). The compositional change due to changes 
in the argon gas pressure and the number of the sintered 
B203 pellets is shown in FIG. 2. The proportion of each 
constituent element was quantitatively determined by 
using Electron Probe X-Ray Micro Analysis (EPMA). 
When the compositional change shown in FIG. 2 is 
extrapolated to the B—-O axis along with increases in 
oxygen and boron, the composition at the extrapolation 
point does not always give the stoichiometric ratio of B 
and O of B203, but rather, gives an excess boron con 










